Review of the literature reveals how difficult it is to assess the results of treatment of pseudarthrosis of the tibia. There is disagreement as to when the result can be considered final. This study reviewed the long-term results of treatment to determine if skeletal maturity could be considered the definitive end point of treatment or if the results deteriorate past skeletal maturity. In addition, the effect of neurofibromatosis on pseudarthrosis of the tibia is analyzed. Forty-one patients were reviewed. Only 25 had sufficient follow-up data to be included in this study. Eighteen of the 25 had neurofibromatosis. The results were classified according to criteria developed by Morrissy et al. At skeletal maturity, there were ten good results, three fair results, and three poor results, with nine patients having had amputation. At long-term follow-up evaluation (average 36 years; range, five to 62 years), one patient with a fair result had elected amputation. About one half of the patients with neurofibromatosis required amputation. This study suggests that the results at skeletal maturity are reliable indicators of longterm results.
derstood and most difficult to treat of all orthopedic problems. Because of the relative rarity of CPT and the variety of its presentation and natural history, many forms of treatment have been attempted, although none has been routinely successful.' '-'*"' In a 1958 review of the English literature, Boyd and Sage5 found 23 different surgical procedures done in 9 1 patients ( I 67 operations) with a success rate of only 56%. Later reports show even lower success rates; Andersen' in 1976 reported a 55% rate, and Murray and Lovell" in 1982 had a 3 1% success rate. Newer techniques, including electrical stimlat ti on^.'^*'' and vascularized bone grafting,6.9.10.16 ha ve shown promising results, with reported success rates of 70%-100%. There are, however, no long-term studies of these modalities.
Comparison of results has been difficult because of disagreement as to when a result can be considered final. The present authors reviewed their long-term results to determine if skeletal maturity could be considered a definite end point of treatment or if results deteriorate past skeletal maturity. Because the effect of neurofibromatosis on the results of treatment for CPT has long been a matter of concern,',' it was also hoped to determine if there was any correlation between the presence of neurofibromatosis and long-term results.
MATERIALS AND METHODS
Of 41 patients treated for CPT between 1926 and 1986 at the authors' institutions. 25 had 16 reached either skeletal maturity or an unchangeable end point (amputation) and were available for current clinical and roentgenographic examination. There were 15 males and ten females in this group, with an average age at follow-up evaluation of 36 years (range, five to 62 years). CPT was diagnosed in 13 patients at birth; the average age at diagnosis in the other 12 children was 20.5 months. The average age at the start of treatment was 4.2 years (range, five months to 18 years). These 25 children had a total of 96 surgical procedures. Nineteen of the 25 patients had adequate pretreatment roentgenograms to be classified by the Boyd4 system; one was Type I and 18 were Type 11. Eighteen patients (72%) had neurofibromatosis (NF) according to the criteria of Crowe (positive family history, cafe-au-lait spots, and/or skeletal dysmorphism).'
Results were classified according to the criteria developed by Monissy el al.'': a good result was a solid union requiring no splints and no activity limitation; a fair result was a union requiring bracing, with mild to moderate deformity, and with no limitation of activities of daily living: a poor result was one in which there was persistent nonunion, unacceptable shortening (7.5 cm or more), poor cosmesis. or for which amputation was recommended. Patients who had already had amputation were grouped separately.
RESULTS
At skeletal maturity there were ten good results, three fair results, and three poor results, with nine patients having had amputation. Unacceptable shortening was the reason for all poor results. Initial roentgenographic union occurred at an average age of 8.2 years (range, 2.5-17.5 years). At longterm follow-up evaluation, one additional patient (a fair result) had elected to have an amputation at 19 years of age. She had had multiple bone grafting procedures and had achieved only a tenuous union that required bracing. Of the ten patients who eventually had amputation, three had Syme's amputations at an average of 7.3 years of age and seven had below-knee amputations at a n average of 13.8 years of age.
Of the 18 patients with NF, results at longterm follow-up evaluation were good in six, fair in one, and poor in two, with nine patients having had amputation. Results in the seven patients without NF were good in four, fair in one, and poor in one, with one patient having had a Syme's amputation at the age of three years.
Six patients with N F were treated by elective osteotomy for progressive deformity of the tibia. All six developed frank pseudarthrosis after osteotomy and required repetitive bone grafting in an attempt to obtain union. One required amputation because of infection after multiple surgical procedures. Of the remaining five patients, two had good results, two had fair results, and one had poor results.
DISCUSSION
The use of multiple treatment techniques over many decades makes comparison of results difficult, especially because there is no universal agreement as to when a result may be considered final. Long-term follow-up evaluation, well past skeletal maturity, has been considered to be mandatory when reporting the treatment results of CPT. Other factors, including the presence of NF, have been cited in the interpretation of results.
The prevalence of N F in patients with CPT was confirmed in the present series; 18 of the 25 patients (72%) had NF. The small number of patients without N F (seven patients) did not allow for any conclusions concerning the prognostic value of the presence or absence of this condition; however, nine of the ten amputations were done in patients with NF, accounting for one half of the amputation group. Only one third of the patients with NF had good results. In comparison, only one amputation was required in the seven patients without N F and 57% had good results. Although the numbers are too small for statistical significance, the 72% of patients with N F did appear to have worse results, accounting for 90% of the amputations and 66% of the poor results in the study.
Six patients with N F had elective osteotomy for progressive tibia1 deformity, and all developed frank pseudarthrosis after osteotomy. Corrective osteotomy alone is defi-Crossett et al. and Related Research nitely contraindicated in this group of patients and should be reviewed for historical interest only.
The overall results of this study confirm that treatment for CPT is fraught with difficulty and failure. Of the 25 patients, ten (40%) eventually required or elected amputation, and three ( 12%) had poor results; only 12 patients (48%) had a functional extremity at long-term follow-up evaluation. Of interest, however, is the fact that the results essentially did not change after skeletal maturity. The one additional amputation was in a 19-year-old woman who elected to have amputation rather than to have additional surgical procedures or to continue to wear a brace for a shortened, cosmetically unacceptable extremity.
From this study it appears that results at skeletal maturity are reliable indicators of long-term results. Other factors may ultimately necessitate amputation (tenuous union, shortened extremity, brace requirements, pain), but the results did not change after skeletal maturity in the vast majority of these patients.
